Hopkins ef al. BMC Musculoskeletal Disorders 201 1, 12:209 
http://www.biomedcentral.eom/1 471-2474/1 2/209 



Musculoskeletal Disorders 



RESEARCH ARTICLE Open Access 



The relative efficacy of nine osteoporosis 
medications for reducing the rate of fractures in 
post-menopausal women 

Robert B Hopkins 1,2 *, Ron Goeree 1,2,3 , Eleanor Pullenayegum 1,3,4 , Jonathan D Adachi 5 , Alexandra Papaioannou 5 , 
Feng Xie 1,2,3 and Lehana Thabane 1,3,4 



Abstract 

Background: In the absence of head-to-head trials, indirect comparisons of randomized placebo-controlled trials 
may provide a viable option to assess relative efficacy. The purpose was to estimate the relative efficacy of 
reduction of fractures in post-menopausal women, and to assess robustness of the results. 

Methods: A systematic literature review of multiple databases identified randomized placebo-controlled trials with 
nine drugs for post-menopausal women. Odds ratio and 95% credibility intervals for the rates of hip, non-vertebral, 
vertebral, and wrist fractures for each drug and between drugs were derived using a Bayesian approach. A drug 
was ranked as the most efficacious if it had the highest posterior odds ratio, or had the highest effect size. 

Results: 30 studies including 59,209 patients reported fracture rates for nine drugs: alendronate (6 studies), 
denosumab (1 study), etidronate (8 studies), ibandronate (4 studies), raloxifene (1 study), risedronate (7 studies), 
strontium (2 study), teriparatide (1 study), and zoledronic acid (1 study). The drugs with the highest probability of 
reducing non-vertebral fractures was etidronate and teriparatide while the drugs with the highest probability of 
reducing vertebral, hip or wrist fractures were teriparatide, zoledronic acid and denosumab. The drugs with the 
largest effect size for vertebral fractures were zoledronic acid, teriparatide and denosumab, while the drugs with 
the highest effect size for non-vertebral, hip or wrist fractures were alendronate or risedronate. Estimates were 
consistent between Bayesian and classical approaches. 

Conclusion: Teriparatide, zoledronic acid and denosumab have the highest probabilities of being most efficacious 
for non-vertebral and vertebral fractures, and having the greatest effect sizes. The estimates from indirect 
comparisons were robust to differences in methodology. 



Background increased risk of death [2]. In addition, osteoporosis can 

Osteoporosis defined by low Bone Mineral Density lead to vertebral fractures which are identified by clini- 
(BMD) (i.e., 2.5 standard deviations below peak gender cal assessment through decreased patient height (i.e., 
specific BMD), is a progressive disease with high preva- stooped posture) or with compressed spinal vertebra 
lence affecting 1 in 3 women and 1 in 8 men by the that can be radiologically assessed [3]. 
time they reach 90 years of age [1]. The major concern To reduce the risk of fractures due to osteoporosis, 
with low BMD is the high risk of fractures to non-ver- drugs have been introduced to reduce the rate of bone 
tebral bones such as the wrist or to the hip. A hip frac- loss and to increase the strength of the bones. The first 
ture may require extended hospital stay, surgical repair bisphosphonate available in Canada was etidronate in 
and rehabilitation therapy, and is associated with 1995 followed by alendronate in 1998. In 2005, alendro- 
nate became generic, which introduced a large increase 
in the uptake of these drugs. In Canada in 2010 about 
9% of the population age 50 years and over were receiv- 
ing an osteoporosis drug. These drugs include the 
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bisphosphonates (alendronate, etidronate, risedronate or 
ibandronate), Selective Estrogen Receptor Modulators 
(raloxifene) and anabolic agents (teriparatide). All of 
these have shown to be effective in reducing the rate of 
fractures relative to placebo [4]. Recent additions to 
pharmacotherapy for osteoporosis include denosumab, 
strontium and zoledronic acid. Accordingly, it would be 
clinically important to know an estimate of the relative 
treatment efficacy or ranking of the most efficacious 
drugs. A major gap in the evidence to identify the most 
efficacious drugs is the lack of randomized active-con- 
trolled trials, i.e., direct treatment comparison (DTC) 
evidence [4]. 

DTC evidence for osteoporosis is absent because such 
later stage III trials are more complex, expensive, and 
require larger sample sizes than earlier phase II rando- 
mized placebo-controlled trials (RPCT) [5], Meanwhile, 
osteoporosis drugs have been approved for use or listed 
under reimbursement formularies based on RPCT evi- 
dence, even though there are skeptics on the benefits of 
RPCTs for estimating relative efficacy compared to cur- 
rently available drugs and that RPCTs are unethical. In 
a recent New England Journal of Medicine debate, Stein 
[6] argued that RPCTs are unethical because of the 
withholding of proven therapies in the placebo alloca- 
tion, while Rosen [7] argued that the therapies are only 
proven in high risk patients (prior fracture, BMD < -3, 
or higher fracture risk assessment) and the inclusion cri- 
teria that possess true equipoise should only include 
individuals who are at low risk or are non-responsive to 
mild therapies. However in Canada the Tri-Council Pol- 
icy Statement on the Ethical Conduct for Research 
Involving Humans suggest that RPCTs are acceptable to 
establish existence of effect and adverse events of drugs 
with new pharmacological mechanisms [8]. In the 
absence of DTC evidence, indirect treatment compari- 
sons (ITC) might be a promising technique that allows 
the synthesis of available RPCT evidence to make a sug- 
gestion on the effect of DTC [9]. The theoretical foun- 
dations of the ITC method were provided in 1997 by 
Bucher [10] for the pair wise division of odds ratios to 
produce a common odds ratio thereafter referred to as 
the Bucher Method (i.e., for 2 drugs A and C and pla- 
cebo B, the odds ratio of A/B divided by odds ratio C/B 
produces an odds ratio of A/C). While DTC is the high- 
est level of clinical evidence, there exists the rationale to 
use ITC analysis where DTC is absent and not likely to 
be forthcoming [10]. Even if DTC evidence was avail- 
able, ITC evidence based on other trials may be useful 
because of differences in patient characteristics and 
study characteristics such as length of follow-up [11]. 

In the absence of DTC evidence for osteoporosis 
drugs, two ITC analyses have been conducted to assess 
the relative efficacy at reducing the rates of fractures in 



post-menopausal women [12,13]. The first using a Baye- 
sian analysis that looked at seven studies including four 
drugs zoledronic acid (1 study), alendronate (3 studies), 
ibandronate (1 study) and risedronate (2 studies), this 
indicated that zoledronic acid had the highest efficacy in 
preventing vertebral fractures [12]. The second and 
more comprehensive analysis included eight RPCTs 
which was an update involving the above four medica- 
tions adding etidronate (1 study). Of the five medica- 
tions analyzed zoledronic acid had the highest efficacy 
in preventing vertebral and hip fractures while risedro- 
nate had the highest efficacy in reducing non-vertebral 
non-hip fractures [13]. 

We believe we can build on this pioneering work. 
First, nine drugs are currently available in Canada, Eur- 
opean or the United States for use with osteoporosis. 
The nine drugs include the above five (zoledronic acid, 
alendronate, ibandronate, and risedronate) in the recent 
ITC analysis plus four more drugs that were not pre- 
viously included (denosumab, raloxifene, strontium, and 
teriparatide). In addition, there are key differences in 
patient characteristics across the studies such as age, 
BMD, and fracture history. Further adjustment for these 
factors might affect estimates of the relative efficacy 
between treatments. 

The purpose of this paper is to build on the previous 
estimation of relative efficacy between osteoporosis 
drugs for the prevention of fractures. First, we update 
the literature on osteoporosis drugs to include recent 
additions in pharmacotherapy and recent RPCTs by 
conducting a multiple database systematic literature 
review. Second, we estimate the relative efficacy of redu- 
cing fractures of each drug versus placebo and between 
the drugs with Bayesian ITC analysis. Third, we conduct 
the ITC analysis using Bucher's method, a classical ana- 
lysis approach. Finally, we estimated the relative efficacy 
after adjustment for baseline patient characteristics. 

Methods 

Literature Search 

An electronic search of the following databases 
restricted to English was conducted from January 1990 
to October 2009, and the search was continually 
updated by alerts until September 2010: EMBASE, Med- 
line, Medline in Process, and Cochrane Database for 
Systematic Reviews, Evidence Based Reviews-American 
College of Physicians Journal, National Health Service 
(NHS) Database of Assessment of Reviews and Effective- 
ness (DARE), CINAHL. Specific searches were devel- 
oped for each database with the aid of professional 
librarian and were based on MeSH headings and key- 
words: osteoporosis, fractures, and bones. Methodologi- 
cal filters for randomization were applied to Medline 
and EMBASE (see additional file 1 for the search 
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strategy). We also conducted a bibliographic search on 
each article that was identified. Following the literature 
searches, all citations were incorporated into Reference 
Manager citation database software [14] and duplicates 
were identified and removed. 

The inclusion criteria was that each article must have; 
1) one of the nine osteoporosis drugs: alendronate, 
denosumab, etidronate, ibandronate, raloxifene, risedro- 
nate, strontium, teriparatide, or zoledronic acid, 2) have 
a RPCT design, 3) have only post-menopausal women 
as an inclusion criterion, and 4) report the rate of frac- 
tures as a primary or secondary outcome. Studies were 
excluded if they were studies that combined different 
trials, were subgroup analysis, or the outcomes were not 
fractures such as BMD. 

Selection of trials for inclusion and data abstraction 

At the first level of screening of the publications, the 
titles and abstracts of the citations that were obtained 
from the search strategy were reviewed for relevance 
and inclusion for full-text review. Of these articles pas- 
sing to level two, the articles were reviewed as full text 
for relevance. After inclusion, data was abstracted to 
pre-specified abstraction forms and then entered into 
Microsoft Excel and the Bayesian meta-analysis software 
WinBUGS (Bayesian inference Using Gibbs Sampling 
for Windows) [15]. For the literature retrieved based on 
the targeted review for systematic reviews and meta- 
analysis, the same 4 inclusion criteria applied. Literature 
screening was conducted by two independent reviewers, 
with consensus reached on all discrepancies. 

Outcomes 

The main outcomes were the rates of vertebral, non-ver- 
tebral, hip and wrist fractures. In addition, study charac- 
teristics (country, numbers of study centres, and patient 
follow up in years) and baseline patient characteristics 
(age in years, years since menopause, BMD of the hip 
reported as g/cm 2 , and history of fractures) were 
abstracted. Data abstraction was verified by a second 
independent reviewer. For each outcome, the unadjusted 
odds ratio for each drug versus placebo were estimate 
along with its 95% CrI. In addition, the adjusted for 
fracture between each drug comparator was estimated 
along with its 95% CrI (i.e., Odds ratio of A/B = odd 
ratio (A/B) divided by odds ratio of C/B). 

Primary Statistical Analysis: Bayesian ITC estimate of 
relative efficacy versus placebo and other drugs 

ITC was conducted for the unadjusted analysis using 
Bayesian methods in WinBUGS software version 1.4.3 
[15], which performs Bayesian analysis using Markov 
Chain Monte Carlo methods (see additional file 2 for 
software code). We reported the analysis according to 



the Reporting Of Bayes used in clinical STudies 
(ROBUST) criteria [16]. The outcome estimated was the 
mean and the 95% credibility interval of the posterior 
distribution of the odds ratio of the rate of fracture ver- 
sus placebo and other drugs, for each fracture. For the 
Bayesian analysis, priors were predefined for the mean 
log odds ratio as a normal distribution with mean zero, 
and precision 0.001 representing weak prior informa- 
tion. Weak priors were chosen so that the final esti- 
mates for odds ratios are driven by the data, and not by 
any assumption made. For each outcome, we performed 
100,000 simulations discarding the first 50,000 simula- 
tions to allow burn-in; two chains were run simulta- 
neously. Convergence was assessed using all of the 
Geweke, Raftery-Lewis, Gelman-Rubin and Heidelber- 
ger- Welch tests. To make a comparison of all drugs to 
each in order to determine the most effect efficacious 
drug, the proportion of Markov chain iterations in 
which a drug had the highest odds ratio represented the 
probability of that drug being ranked the most effica- 
cious. In addition, the effect size was estimated for each 
drug versus placebo, where effect size was defined as the 
ratio of the odds ratio for fracture of placebo versus 
drug divided by the standard error of the estimate of 
the odds ratio. A higher effect size indicates the drug 
has lower odds for fractures than placebo and/or that 
the standard error is small. Software code for WinBUGS 
is provided in appendix 2. 

Assessing robustness: homogeneity and consistency of 
evidence 

A number of steps were taken to assess the integrity of 
the ITC analysis [10,17-20]. The assessments included; 
1) assessing homogeneity in meta-analysis of each com- 
parator and across comparators, and 2) checking the 
consistency of the ITC analysis between Bayesian and 
classical software, and 3) checking the consistency of 
the ITC analysis to DTC if available. If there is homoge- 
neity within drugs and across drugs, and the ITC evi- 
dence is consistent across methodologies or with DTC 
evidence, then the ITC evidence in considered strong 
and free of bias [19]. 

Homogeneity with each drug and across each drug 
was assessed with Review Manager 5 software [21]. Het- 
erogeneity was assessed with I with greater than 50% 
being moderate heterogeneity and greater than 70% 
being considerable heterogeneity as suggested by the 
Cochrane Handbook of Systematic Reviews [22]. Consis- 
tency of evidence was assessed by comparing the results 
of the Bayesian analysis to free software specifically cre- 
ated for ITC analysis [23]. This software package for 
ITC was released by the Canadian Agency for Drugs 
and Technologies in Health (CADTH) [24], a national 
agency in Canada that provides evidence based decisions 
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and associated services for the national and provincial 
level governments. Checking consistency of ITC evi- 
dence versus DTC evidence was conducted by a search 
for meta-analysis of DTC evidence. 

Adjustment for difference in baseline characteristics 

Lastly, we checked whether differences in patient char- 
acteristics across drugs contributed to the relative effi- 
cacy estimates in the ITC analysis. We estimated the 
odds ratios for fracture reduction with classical meta- 
analysis with meta-regression with the log of the odds 
ratio as the dependent variable, and dummy variables 
were added for each of the drugs. Following the unad- 
justed results, we adjusted the ITC estimates with meta- 
regression to include the age in years, BMD in g\cm 2 , 
percent of subjects with history of a vertebral fracture. 
Meta-regression was conducted with STATA version 
11.0 using the command metareg. 

Results 

Based on the literature review, 30 RPCTs that investi- 
gated the effect of drugs on the rate of fractures were 
identified. The results of the screening process are pro- 
vided in the PRISMA diagram [25] in Figure 1 and the 
descriptions of the included studies are presented in 
Table 1. For the 9 drugs, 6 studies were for alendronate 
[26-31], 1 study for denosumab [32], 8 studies for eti- 
dronate [33-40], 4 studies for ibandronate [41-44], 1 
study for raloxifene [45], 6 studies for risedronate 
[46-51], 2 studies for strontium [52,53], 1 for teripara- 
tide [54], and 1 for zoledronic Acid [55]. The partici- 
pants in the studies included 59,209 patients. The 
participants had a mean age ranging in studies between 
52 and 72 years of age, years since menopause ranged 
from 2.7 to 31.9 years, and the study durations were 
from 1 to 4 years. Baseline BMD in the hip ranged from 
0.28 to 1.08 and the percentage of participants that had 
previous vertebral fractures were from 0% to 100%. 

Bayesian ITC estimate of relative efficacy versus placebo 
and other drugs 

The estimates of relative efficacy of each drug versus pla- 
cebo in the Bayesian meta-analysis is reported in table 2. 
For non-vertebral fractures, only alendronate OR = 0.81 
(95%CrI: 0.66, 0.96) and risedronate OR = 0.77 (95%CrI: 
0.60, 0.91) had significant reduction. Etidronate had the 
highest probability of being most efficacious (0.41) along 
with teriparatide (0.41). All other drugs had less than 
0.10 probability of being most efficacious. However, the 
drugs with the highest effect size were Risedronate (16.4) 
and Alendronate (16.1), but these effect sizes were smal- 
ler than the effect sizes for vertebral fractures. Based on 
the probabilities of being most efficacious, etidronate and 



zoledronic acid are the most efficacious drugs. However 
since etidronate does not have significant effect versus 
placebo, teriparatide is the most efficacious drug. In the 
ITC head-to-head analysis (Table 3) there is not enough 
evidence to detect differences in efficacy between any of 
the drugs for non-vertebral fractures, although teripara- 
tide, zoledronic acid and denosumab have the lowest 
numbers need to treat to prevent a non-vertebral fracture 
versus the other drugs. 

For vertebral fractures, all drugs except etidronate had 
significant reductions in the odds of a fracture. The drugs 
with the highest probability of being most efficacious are 
teriparatide (0.30), zoledronic acid (0.40) and denosumab 
(0.20). However, the drugs with the highest effect size 
were also teriparatide (29.8), zoledronic acid (66.2) and 
denosumab (53.6) based on probabilities and effect size 
the three drugs are most efficacious. In addition, these 3 
drugs also had the lowest number needed to treat versus 
the other drugs (Table 3). In the ITC head- to-head analy- 
sis, teriparatide had significant reduction in vertebral frac- 
ture versus ibandronate and raloxifene, while denosumab 
had significant reductions versus alendronate, raloxifene, 
and risedronate. Zoledronic acid had significant reductions 
versus alendronate, raloxifene, and risedronate (Table 3). 

For hip fractures, only alendronate has a significant 
reduction in relative rate of fractures (OR = 0.59 (95%CrI: 
0.29 to 0.99). The drugs that had the highest probability of 
most efficacious were teriparatide (0.44) and etidronate 
(0.19). The drugs with the highest effect size were alendro- 
nate (9.49) and risedronate (5.71). Based on probabilities 
and effect size it is unclear which drug might be ranked 
most efficacious out of the choices of teriparatide or alen- 
dronate. In the ITC head-to-head analysis, the relative effi- 
cacy of teriparatide versus alendronate was OR = 1.35 
(95%CrI: 0.07, 5.71) which is a non-significant finding. 
There were no drugs that had a significant benefit for hip 
fractures versus the other drugs (Table 3). 

For wrist fractures, there were no drugs that a signifi- 
cant protective effect versus placebo, although no wrist 
fracture data was available for denosumab, ibandronate 
or zoledronic acid. The drugs that had the highest prob- 
ability of most efficacious were teriparatide (0.41) and 
risedronate (0.22). The drugs with the highest effect size 
were alendronate (1.80) and risedronate (1.37), although 
the magnitude of the effect size was considerably lower 
than for other fractures. Based on probabilities and 
effect size it is unclear which drug might be ranked 
most efficacious out of the choices of teriparatide or 
alendronate. In the ITC head-to-head analysis, the rela- 
tive efficacy of teriparatide versus alendronate was OR = 
1.69 (95%CrI: 0.04, 8.09) which is a non-significant find- 
ing. There were no drugs that had a significant benefit 
for wrist fractures versus the other drugs (Table 3). 
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Figure 1 PRISMA Flow Diagram describing selection process for included studies. PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) Flow Diagram describing selection process for included studies. 



Assessing robustness: homogeneity and consistency of 
evidence 

There was no difference between the estimates of the 
odds ratio and confidence or credibility intervals 
between the classical ITC software and the Bayesian 
WinBUGS ITC analysis. 

For non-vertebral fractures, the evidence was consid- 
ered strong and free of bias because of low heterogene- 
ity, and similarity of classical results to the Bayesian 
analysis. For non-vertebral fractures, the overall odds 



ratio across all drugs was OR = 0.81 (95% CI: 0.77, 
0.86), (P < 0.01) indicating a protective effect of pharma- 
cotherapy (Figure 2). There was no heterogeneity 
between types of drugs (I = 0), although low heteroge- 
neity (I 2 = 16%) existed for alendronate. 

For vertebral fractures, the evidence is considered less 
strong than the evidence from non-vertebral fractures 
because of increasing heterogeneity (Figure 3), and the 
classical analysis having smaller confidence intervals 
than the Bayesian analysis. In the classical meta-analysis, 
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Table 1 Description of Study and Baseline Characteristics for Included Studies 
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NR (NR) 


42 


Risedronate 


Mortenson 1998 


2 


International 


2 


51.2 (3.8) 


0.5 


2.7 91.7) 


0.94 (0.11) 


NR 


Risedronate 


Reginster 2000 


3 


Europe, Australia 


80 


71.0 (7.0) 


5 


24.4 (8.5) 


0.79 (0.15) 


100 


Strontium 


Meunier 2004 


3 


Europe, 
International 


72 


69.3 (7.3) 


5 


43.7 (8.7) 


0.68 (0.11) 


100 


Strontium 


Reginster 2008 


3.5 


International 


75 


76.7 (5.0) 


0 


28.4 (7.4) 


0.55 (NR) 


33.5 


Teriparatide 


Neer 2001 


2 


International 


99 


69.0 (7.0) 


5 


21.0 (8.0) 


0.82 (0.17) 


100 


Zoledronate 


Black 2007 


3 


U.S.A, Europe 


60 


73 (5.4) 


0 


NR (NR) 


0.65 (0.91) 


36.7 



NR: Not reported. BMD: Bone Mineral Density. SD: Standard deviation. U.S.A: United States of America 



the overall effect across all drugs was a protective effect 
in preventing vertebral fractures, OR = 0.49 (95% CI: 
0.41, 0.58), and there was considerable heterogeneity 
across all drugs (I 2 = 84%), while there was no heteroge- 
neity within drugs. All drugs except one provided signif- 
icant predictive effects with the exception being 
etidronate, which produced a p-value of 0.10. Conver- 
sely, in the Bayesian analysis only risedronate and alen- 
dronate had significant odds ratios relative to placebo. 

For hip fractures, the evidence is considered less 
strong than the evidence from non-vertebral fractures 



because of decreased confidence intervals in the classi- 
cal analysis (Figure 4). For hip fractures, there was an 
overall protective effect against hip fracture for all 
drugs, OR = 0.73 (95% CI: 0.63, 0.84), and absence of 
heterogeneity (I 2 = 0%). Three drugs reported an inde- 
pendent statistical reduction in the rate of hip fracture, 
alendronate, OR = 0.62 (95% CI: 0.40, 0.96), denosumab 
OR = 0.60 (95% CI: 0.37, 0.98), and risedronate OR = 
0.74 (95% CI: 0.58, 0.94). This is in contrast to the 
Bayesian analysis where only alendronate reported a sig- 
nificant reduction in the odds ratios for hip fracture. 
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Table 2 Odds Ratio for Fracture, Indirect Treatment Comparison Results of Drug versus Placebo Classical and Bayesian 
analysis 



Classical analysis 


Non-vertebral fracture 


Vertebral fracture 


Hip fracture 




Wrist fracture 


Drug vs placebo 


OR (95% Cr 1) 


Placebo 
rate 


OR (95% Cr 1) 


Placebo 
rate 


OR (95% Cr 1) 


Placebo 
rate 


OR (95% Cr 1) 


Placebo 
rate 


Alendronate 


0.80 (0.68, 0.95) 


11.1% 


0.51 (0.40, 0.63) 


6.7% 


0.62 (0.40, 0.96) 


1.' 


% 


0.44 (0.30, 0.67) 


3.0% 


Denosumab 


0.80 (0.67, 0.96) 


7.5% 


0.31 (0.24, 0.40) 


7.2% 


0.60 (0.37, 0.98) 


1/ 


% 


NR 


NR 


Etidronate 


0.64 (0.31, 1.32) 


1 1 .5% 


0.59 (0.32, 1.10) 


9.7% 


0.60 (0.14, 2.66) 


2: 


% 


1.19 (0.37, 3.80) 


2.2% 


bandronate 


0.88 (0.71, 1.10) 


7.5% 


0.49 (0.32, 0.73) 


7.5% 


NR 


NR 


NR 


NR 


Raloxifene 


0.91 (0.77, 1.07) 


9.3% 


0.63 (0.50, 0.78) 


10.1% 


1 .1 2 (0.64, 1 .95) 


0.7% 


0.88 (0.67, 1.15) 


3.3% 


Risedronate 


0.79 (0.69, 0.89) 


10.1% 


0.59 (0.47, 0.75) 


13.3% 


0.74 (0.58, 0.94) 


2.1 


3% 


0.71 (0.56, 0.89) 


3.4% 


Strontium 


0.85 (0.74 
(0.98) 


14.7% 


0.58 (0.50, 0.67) 


21.7% 


0.66 (1.19) 


4.0% 


1.59 (1.12, 2.27) 


3.2% 


Teriparatide 


0.62 (0.40, 0.97) 


9.7% 


0.31 (0.19, 0.52) 


14.3% 


0.50 (0.09, 2.75) 


o.; 


™/o 


0.50 (0.09, 2.75) 


2.4% 


Zoledronic Acid 


0.74 (0.63, 0.86) 


1 0.0% 


0.28 (0.22, 0.35) 


10.9% 


0.59 (0.83) 


2.3% 


NR 


NR 


All drugs vs 
p acebo 


0.81 (0.77, 0.86) 


1 0.5% 


0.49 (0.41, 0.58) 


1 1 .0% 


0.73 (0.63, 0.84) 


1 .9% 


0.82 (0.71, 0.94) 


3.1% 


Bayesian analysis 


Non-vertebral fracture 


Vertebral fracture 


Hip fracture 




Wrist fracture 


Drug vs placebo 


OR (95% Cr 1) 


Prob Effect 
size 


OR (95% Cr 1) 


Prob Effect 
size 


OR (95% Cr 1) 


Prob 


Effect 
size 


OR (95% Cr 1) 


Prob Effect 
size 


Alendronate 


0.81 (0.66, 0.96) 


0.01 16.1 


0.51 (0.37, 0.68) 


< 25.3 
0.01 


0.59 (0.29, 0.99) 


0.10 


9.49 


0.93 (0.30, 2.64) 


0.10 1.80 


Denosumab 


0.80 (0.60, 1 .06) 


0.03 10.7 


0.31 (0.21, 0.44) 


0.20 53.6 


0.67 (0.24, 1 .47) 


0.12 


4.76 


NR 


NR NR 


Etidronate 


0.64 (0.31, 1.27) 


0.42 6.4 


0.61 (0.29, 1.08 


0.01 8.3 


1.02 (0.12, 3.91) 


0.19 


1.01 


2.42 (0.25, 10.54) 


0.06 0.16 


bandronate 


0.90 (0.69, 1.16) 


< 9.3 
0.01 


0.50 (0.29, 0.78) 


0.01 16.1 


NR 


NR 


NR 


NR 


NR NR 


Raloxifene 


0.91 (0.69, 1.20) 


< 8.4 
0.01 


0.63 (0.43, 0.90) 


0.00 1 3.4 


1 .29 (0.45, 2.88) 


0.01 


1.25 


1 .76 (0.09, 8.22) 


0.15 0.27 


Risedronate 


0.77 (0.60, 0.91) 


0.04 16.4 


0.60 (0.45, 0.79) 


0.00 1 9.3 


0.78 (0.44, 1 .32) 


0.01 


5.71 


0.91 (0.13, 3.27) 


0.22 1 .37 


Strontium 


0.86 (0.69, 1 .07) 


< 12.0 
0.01 


0.59 (0.45, 0.76) 


< 21.8 
0.01 


0.98 (0.39, 2.01) 


0.01 


2.47 


3.25 (0.17, 14.89) 


0.06 0.08 


Teriparatide 


0.62 (0.38, 1 .02) 


0.41 9.9 


0.32 (0.17, 0.57) 


0.30 29.8 


0.71 (0.04, 2.90) 


0.44 


1.93 


1 .23 (0.05, 5.64) 


0.41 0.57 


Zoledronic Acid 


0.74 (0.56, 0.97) 


0.08 12.9 


0.28 (0.19, 0.40) 


0.40 66.2 


0.65 (0.25, 1 .34) 


0.11 


5.53 


NR 


NR NR 



OR (95% Cr I): Odds ratio (95% Credibility Interval). Prob: probability of that drug being most efficacious. 
Effect size evaluated as Odds ratio divided by corresponding standard error. NR: Not reported. 



For wrist fractures, the evidence is considered weak 
because of increasing heterogeneity and differences in 
the classical versus Bayesian analysis when drugs were 
compared to placebo (Figure 5). For wrist fracture, there 
was not an overall protective effect OR = 0.88 (95% CI: 
0.77, 1.01), and the heterogeneity was substantial (I 2 = 
64%). The only drug that had a significant protective 
effect alone was risedronate OR = 0.71 (95% CI: 0.56, 
0.89). The analysis of alendronate alone had consider- 
able heterogeneity (I 2 = 79%). Removing Cummings and 
Greenspan to produce comparable ITC evidence 
reduced the heterogeneity to 0% and the odds ratio to 
OR = 0.44 (95% CI: 0.30 to 0.67) for alendronate versus 
placebo. Removing Cummings and Greenspan produced 
an overall odds ratio for all drugs OR = 0.82 (95% CI: 
0.71, 0.94: I 2 = 59%). 



Adjustment for difference in baseline characteristics 

The estimates of the relative efficacy with meta-regression 
for each drug versus placebo for each type of fracture were 
similar to the estimates of Bayesian analysis for odds 
ratios. Unfortunately, when baseline characteristics were 
added to the regression equation, there were not enough 
studies for the analysis and no estimate could be provided. 
This lack of result was created by the addition of the base- 
line characteristics age, BMD and rate of prior vertebral 
fractures that created multi-collinearity that was detected 
by exploded confidence intervals for each drug effect. 
When we ran the regression with only the top two drugs 
for each fracture along with adding in any of age, BMD or 
rates of prior vertebral fractures, the latter effects were sig- 
nificant while the drug effects was not significant. This 
suggests that the differences across studies in baseline 
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Table 3 Odds Ratio for Fracture, Indirect Treatment Comparison between drugs (Bayesian analysis) 





Non-vertebral fracture 


Vertebral fracture 




Hip fracture 




Wrist fracture 






OR (95% Crl) 


NNT 


OR (95% Crl) 


NNT 


OR (95% Crl) 


NNT 


OR (95% Crl) 


NNT 


Denosumab vs Alendronate 


0.99 (0.72, 1 .42) 


1,063 


0.63 (0.38, 


0.97) 


26 


1 .30 (0.38, 3.35) 


-180 


NR 




NR 


Denosumab vs Etidronate 


l .26 (0.59, 2.69) 


-'12 


0.58 (0.26, 


1.15) 


23 


1.43 (0.13, 5.97) 


-126 


NR 




NR 


Denosumab vs Ibandronate 


0.89 (0.61 , 1 .31) 


96 


0.67 (0.35, 


1.19) 


30 


NR 


NR 


NR 




NR 


Denosumab vs Raloxifene 


0.87 (0.59, 1 .30) 


81 


0.5 1 (0.29, 


0.83) 


20 


0.71 (0.14, 1.89) 


184 


NR 




NR 


Denosumab vs Risedronate 


l .04 (0.76, 1 .54) 


-267 


0.53 (0.32, 


0.82) 


21 


0.94 (0.27, 2.24) 


893 


NR 




NR 


Denosumab vs Teriparatide 


1.29 (0.73, 2.26) 


-38 


1 .06 (0.50, 


1 .99) 


-169 


3.24 (0.17, 16.89) 


-25 


NR 




NR 


Denosumab vs Zoledronic Acid 


l .08 (0.73, 1 .62) 


-134 


1 .16 (0.66, 


1 .88) 


-65 


1 .36 (0.30, 3.48) 


-150 


NR 




-14 


Etidronate vs Alendronate 


0.79 (0.38, l .61) 


50 


1.22 (0.54, 


2.28) 


-48 


1.91 (0.20, 7.43) 


-60 


3.48 (0.22, 


16.27) 


NR 


Ibandronate vs Alendronate 


1 .1 3 (0.82, 1 .60) 


-83 


1 r\r\ 1 r\ r a 

1 .00 (0.54, 


1 .69) 


20,428 


NR 


NR 


NR 




NR 


Ibandronate vs Etidronate 


1 a a /r\ r o ~) r\r~\ 

l .44 (0.68, 3.06) 


-25 


0.92 (0.37, 


1 .95) 


121 


NR 


NR 


NR 




-22 


Raloxifene vs Alendronate 


1.12 (0.82, 1. 55) 


-90 


l .28 (0.78, 


1 .98) 


-38 


2.47 (0.71, 6.55) 


-38 


2.60 (0.08, 


11.84) 


-39 


Raloxifene vs Etidronate 


l.4l (0.68, 2.96) 


-27 


1.17 (0.53, 


2.29) 


-62 


2.76 (0.24, 1 1 .66) 


-32 


1 .87 (0.03, 


9.82) 


NR 


Raloxifene vs Ibandronate 


1.02 (0.70, 1.49) 


-533 


1 .36 (0.71, 


2.38) 


-29 


NR 


NR 


NR 




-108 


Risedronate vs Alendronate 


0.95 (0.71 , 1 .23) 


212 


l.2l (0.79, 


1 .79) 


-50 


1.47 (0.62, 3.31) 


-115 


1.31 (0.10, 5.21) 


3,328 


Risedronate vs Etidronate 


1.19 (0.57, 2.49) 


-57 


l .1 1 (0.52, 


2.1 8) 


-95 


1.65 (0.18, 6.64) 


-84 


0.99 (0.03, 4.68) 


NR 


Risedronate vs Ibandronate 


r\ or /r\ r r\ 1 1 r\ 

0.85 (0.60, 1.15) 


70 


1 .29 (0.71, 


2.1 9) 


-36 


NR 


NR 


NR 




-25 


Risedronate vs Raloxifene 


r\ n a 1 r\ i — ? 1 i r\ 

0.84 (0.57, 1 .1 5) 


65 


0.98 (0.61, 


1.51) 


622 


0.79 (0.23, 1 .96) 


254 


2.39 (0.05, 1 1 .67) 


-10 


Strontium vs Alendronate 


1 r\r 1 r\ m 1 a a \ 

l .06 (0.8 1 , 1 .44) 


-1 78 


1 1 O 1 f\ ~70 

1.18 (0.78, 


1.71) 


-58 


1.89 (0.61, 4.70) 


-61 


4.78 (0.14, 


21.71) 


NR 


Strontium vs Denosumab 


i r\d I f\ ~7r~ 1 n\ 

1.08 (0.75, 1. 53) 


-1 34 


1.95 (1.20, 


2.99) 


-12 


1 .98 (0.44, 5.03) 


-56 


NR 




-13 


Strontium vs Etidronate 


1 .36 (0.65, 2.86) 


-31 


1 .08 (0.5 1, 


2.07) 


-127 


2.09 (0.20, 8.75) 


-50 


3.72 (0.05, 


17.44) 


NR 


Strontium vs Ibandronate 


0.95 (0.69, 1.34) 


21 2 


l .26 (0.70, 


2.15) 


-40 


NR 


NR 


NR 




-4 


Strontium vs Raloxifene 


r\ r\ a t c\ r r 1 ~) a\ 

0.94 (0.66, 1. 34) 


1 76 


0.96 (0.60, 


1 .46) 


243 


1 .03 (0.23, 2.66) 


-1,789 


10.85 (0.08, 


41 .99) 


-6 


Strontium vs Risedronate 


1.12 (0.86, 1. 57) 


-90 


0.99 (0.67, 


1 .43) 


1,890 


1.37 (0.44, 3.10) 


-146 


8.00 (0.15, 38.56) 


-3 


Strontium vs Teriparatide 


1 .38 (0.80, 2.35) 


-29 


i aa 1 r\ c\ r 

1 .99 (0.95, 


3.66) 


-11 


4.92 (0.26, 24.44) 


-15 


19.69 (0.12, 


80.47) 


NR 


Strontium vs Zoledronic Acid 


1.17 (0.83, 1.66) 


-64 


2.1 7 (1 .34, 


3.34) 


-10 


1 .93 (0.47, 4.98) 


-59 


NR 




-49 


Teriparatide vs Alendronate 


0.77 (0.46, 1 .31) 


45 


0.65 (0.31, 


1 .26) 


28 


1.35 (0.07, 5.71) 


-154 


1 .69 (0.04, 


8.09) 


-102 


Teriparatide vs Etidronate 


0.98 (0.40, 2.30) 


531 


0.70 (0.39, 


1.45) 


24 


1.54 (0.03, 9.01) 


-100 


1 .33 (0.02, 


6.65) 


NR 


Teriparatide vs Ibandronate 


0.69 (0.40, 1 .22) 


33 


0.53 (0.25, 


0.98) 


32 


NR 


NR 


NR 




-13 


Teriparatide vs Raloxifene 


0.68 (0.39, 1.19) 


32 


0.55 (0.26, 


0.98) 


21 


0.76 (0.03, 3.27) 


223 


3.68 (0.02, 15.16) 


-16 


Teriparatide vs Risedronate 


0.81 (0.49, 1.41) 


55 


0.55 (0.34, 


1.04) 


22 


1.00 (0.05, 4.18) 


NR 


3.20 (0.04, 14.42) 


NR 


Zoledronic Acid vs Alendronate 


0.91 (0.66, 1.30) 


117 


0.56 (0.34, 


0.88) 


22 


1.24 (0.39, 3.16) 


-225 


NR 




NR 


Zoledronic Acid vs Etidronate 


1.16 (0.55, 2.45) 


-68 


0.52 (0.23, 


1.04) 


20 


1.38 (0.12, 5.70) 


-142 


NR 




NR 


Zoledronic Acid vs Ibandronate 


0.82 (0.56, 1.19) 


58 


0.60 (0.31, 


1.06) 


25 


NR 


NR 


NR 




NR 


Zoledronic Acid vs Raloxifene 


0.81 (0.54, 1.19) 


55 


0.46 (0.26, 


0.74) 


18 


0.68 (0.15, 1.78) 


167 


NR 




NR 


Zoledronic Acid vs Risedronate 


0.96 (0.71, 1.41) 


265 


0.48 (0.29, 


0.74) 


18 


0.91 (0.28, 2.07) 


595 


NR 




NR 


Zoledronic Acid vs Teriparatide 


1.19 (0.68, 2.08) 


-57 


0.95 (0.45, 


1.83) 


216 


3.11 (0.17, 16.12) 


-26 


NR 




NR 



NR: Not reported. Results are reported as Odds ratio. 



characteristics contribute more to variation in odds ratio 
of fractures across studies than changes in the drugs. 

Discussion 

The objective was to update the literature on the rela- 
tive efficacy of different osteoporosis medications to pre- 
vent four types of osteoporosis-related fractures. Based 
on the combination of effect size and probability of 



being most efficacious, teriparatide zoledronic acid and 
denosumab are consistently ranked highest for reducing 
non-vertebral and vertebral fractures, the two most 
common types of fractures 

Etidronate is also ranked high on probability of being 
most efficacious but there are reservations with this 
result. First, etidronate does not have a statistically sig- 
nificant odds ratio versus placebo for non-vertebral 
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Experimental (NVF) 


Placebo (NVF) 




Odds Ratio 


Odds Ratio 


Study or Subqroup 


Events 


Total 


Events 


Total 


Weiqht 


M-H, Random, 95% CI 


M-H, Random, 95% CI 


1.1.1 Alendronate vs Placebo 
















Ascott Evans 2003 


0 


95 


0 


49 




Not estimable 






Black 1996 


122 


1022 


148 


1005 


5.0% 


0.78(0.61, 1.02] 






Cummings 1998 


261 


2214 


294 


2218 


10.4% 


0.87(0.73, 1.05] 






Greenspan 1998 


3 


60 


1 


60 


0.1% 


3.11 [0.31, 30.73] 






Liberman 1995 


45 


597 


38 


397 


1 .6%. 


0.77(0.49, 1.21] 






Pols 1999 


19 


950 


37 


958 


1 .0% 


0.51 [0.29, 0.89] 






Subtotal (95% CI) 




4938 




4687 


18.1% 


0.80 [0.68, 0.95] 


♦ 




Total events 


450 




518 












Heterogeneity: Tau 2 = 


0.01 ;Chi 2 = 4.78 


df = 4(P = 0.31); 


"=16% 











Test for overall effect: Z = 2.60 (P = 0.009) 



1 .1 .2 Denosumab vs Placebo 

Cummings 2009 238 
Subtotal (95% CI) 

Total events 238 
Heterogeneity: Not applicable 
Test for overall effect: Z = 2,46 (P = 

1.1.3 Etidronate vs Placebo 



3902 
3902 



1! E 
3906 



10.5% 
10.5% 



Total events 14 21 

Heterogeneity: Tau 2 = 0.00; Chi 2 = 0.41 , df = 4 (P = 0.98); I 2 = 0% 
Test for overall effect: Z = 1 .20 (P = 0.23) 

1 .1 .4 Ibandronate vs Placebo 



Heterogeneity: Not applicable 

Test for overall effect: Z = 1.16 (P = 0.24) 



1 .1 .6 Risedronate vs Placebo 



Test for overall effect: Z = 7.07 (P < 0.00001) 
Test for subqroup differences: Chi 2 - 6.32, df - 



0.80 [0.67, 0.96] 
0.80 [0.67, 0.96] 



Lyritis 1997 


3 


50 


5 


50 


0.1% 


0.57 [0.13, 2.55] 


Meunier 1997 


2 


27 


3 


27 


0.1% 


0.64(0.10,4.17] 


Pouilles 1997 


3 


54 


6 


55 


0.2% 


0.48 [0.11, 2.03] 


Storm 1990 


5 


33 


6 


33 


0.2% 


0.80 [0.22, 2.95] 


Wimalawansa 1998 


1 


17 


1 


18 


0.0% 


1.06 [0.06, 18.45] 


Subtotal (95% CI) 




181 




183 


0.6% 


0.64 [0.31, 1.32] 



Adami 2004 


9 


378 


2 


125 


0.1% 


1.50 [0.32, 7.04] 


Chesnut 2004 


80 


977 


89 


975 


3.3% 


0.89 [0.65, 1.22] 


Ravn 2002 


1 


150 


1 


30 


0.0% 


0.19 [0.01, 3.20] 


Recker 2004 


114 


1911 


64 


949 


3.3% 


0.88 [0.64, 1.20] 


Subtotal (95% CI) 




3416 




2079 


6.8% 


0.88 [0.71, 1.10] 


Total events 


204 




156 








Heterogeneity: Tau* 


= o.oo: CW = 


1.58, df = 3 (P 


= 0.66): 


2 = 0% 






Test for overall effect: Z = 1.10 (P = 


0.27) 










1.1.5 Raloxifene vs Placebo 












Ettinger 1999 


437 


5129 


240 


2576 


12.1% 


0.91 [0.77, 1.07] 


Subtotal (95% CI) 




5129 




2576 


12.1% 


0.91 [0.77, 1.07] 


Total events 


437 




240 









Fogelman 2000 7 


177 


13 


180 


0.4% 


0.53 [0.21, 1.36] 


Harris 1999 33 


821 


52 


820 


1.6% 


0.62 [0.40, 0.97] 


Hooper 2005 5 


129 


6 


125 


0.2% 


0.80 [0.24, 2.69] 


McClung 2001 583 


6197 


351 


3134 


16.8% 


0.82 [0.72, 0.95] 


Reginster 2000 36 


407 


51 


407 


1.6% 


0.68 [0.43, 1.06] 


Subtotal (95% CI) 


7731 




4666 


20.6% 


0.79 [0.69, 0.89] 


Total events 664 




473 








Heterogeneity: Tau* = 0.00; Chi 2 = 


2.62, df = 4 (P 


= 0.62); 


I 2 = 0% 






Test for overall effect: Z = 3.74 (P 


= 0.0002) 










1.1.7 Strontium vs Placebo 












Meunier 2004 112 


826 


122 


814 


4.3% 


0.89(0.67, 1.17] 


Reginster 2008 312 


2479 


359 


2456 


12.4% 


0.84 [0.71, 0.99] 


Subtotal (95% CI) 


3305 




3270 


16.7% 


0.85 [0.74, 0.98] 


Total events 424 




481 








Heterogeneity: Tau 2 = 0.00; Chi 2 = 


0.12, df = 1 (P 


= 0.73); 


I 2 = 0% 






Test for overall effect: Z = 2.21 (P 


0.03) 










1.1.8 Teriparatide vs Placebo 












Neer 2001 34 


541 


53 


544 


1.6% 


0.62 [0.40, 0.97] 


Subtotal (95% CI) 


541 




544 


1.6% 


0.62 [0.40, 0.97] 


Total events 34 




53 








Heterogeneity: Not applicable 












Test for overall effect: Z = 2.08 (P 


= 0.04) 










1.1.9 Zolendronate vs Placebo 












Black 2007 292 


3861 


388 


3875 


13.0% 


0.74 [0.63. 0.86] 


Subtotal (95% CI) 


3861 




3875 


13.0% 


0.74 [0.63, 0.86] 


Total events 292 




388 








Heterogeneity: Not applicable 












Test for overall effect: Z = 3.79 (P 


0.0001) 










Total (95% CI) 


33004 




25786 


100.0% 


0.81 [0.77, 0.86] 


Total events 2757 




2623 








Heterogeneity: Tau 2 = 0.00; Chi 2 = 


15.82, df = 24 (P = 0.8 


)); I 2 = 0% 





0.01 0.1 
Favours experirr 



1 10 100 

Favours control 



3 (P = 0.61), l 2 = 0% 

Figure 2 Forest plot non vertebral fractures. Odds ratio of non vertebral fractures for drugs versus placebo using Classical meta-analysis 
approach. 
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Study or Subgroup 



Experimental (VF) 
Events Total 



Placebo (VF) Odds Ratio 

Events Total Weight IV, Random, 95% CI 



Odds Ratio 
IV, Random, 95% CI 



2.7.1 Alendronate vs Placebo 



Ascott Evans 2003 0 


95 


0 


49 




Not estimable 


DidLiK i yyo to 










n 4Q rn X7 n rki 


Cummings 1998 43 




7ft 


9918 


7 no/ 


U.D4 (U.dr, U. / yj 


Liberman 1995 5 


199 




397 


24°/ 


n A A m ic 1 1 m 
U.^^t [U. 1 o, 1 . 1 0] 


Subtotal (95% CI) 


3530 




3669 


1 7.4% 


0.51 [0.40, 0.63] 


Total events 126 












Heterogeneity: Tau 2 = 0.00; Chi 2 = 


fl 9C itf — 9 (D 

u.zo, or — Z (r 


- 0. 8) 








Test for overall effect: Z - 5.97 {P 


< 0.00001 ) 










2 7 2 Denosumab vs Placebo 












ouiriiiiinyb zuuy od 


3702 


264 


3691 


8 6°/ 


n ^i rn 94 o 4m 

U.J I [U.ZH, U.4U| 


Subtotal (95% CI) 


3702 




3691 


8.6% 


0.31 [0.24, 0.40] 


Total events 86 




264 








Heterogeneity: Not applicable 












Test for overall effect: Z - 9.30 {P 


< 0.00001 ) 










2.7.3 Etidronate vs Placebo 












1 i/ritio 1 QQ7 A 
Ly I ILIa I / H 


50 


9 


50 


1 6°/ 




Meunier1997 1 


27 


0 


27 


0.3% 


3.11 [0.12, 79.87] 


Montessori 1997 0 


40 


3 


40 


0.3% 


0.13 [0.01, 2.65] 


Pacifici 1988 5 


30 


4 


27 


1.3% 


1.15 [0.27, 4.81] 


Pouilles 1997 1 


54 


0 


55 


0.3% 


3.1 1 [0.12, 78.09] 


Watts 1990 5 




10 


104 


2.0% 


UA/ [U.I b, 1 Ai\ 


Wimalawansa 1998 3 


1 17 


5 


18 




n Cfi rn 11 o on 
U.DD [U.11 , Z.Ol \ 


Subtotal (95% CI) 


323 




321 


6.7% 


0.59 [0.32, 1.10] 


Total events 19 




31 








Heterogeneity: Tau 2 = 0.00; Chi 2 = 


4.38, df = 6(P 


= 0.63); I 2 = 0% 






Test for overall effect: Z = 1 .66 (P 


= 0.10) 










2.7.4 Ibandronate vs Placebo 












Chesnut 2004 37 


977 


73 


975 


6 6"/ 


n a q rn to n 
u.i-y yj.od., u. / oj 


Subtotal (95% CI) 


977 




975 


6.6% 


0.49 [0.32, 0.73] 


Total events 37 




73 








Heterogeneity: Not applicable 












Test for overall effect: Z = 3.48 (P 


= 0.0005) 










2.7.5 Raloxifene vs Placebo 












Ettinger 1999 148 


2259 


231 


2292 


9.0% 


0.63 [0.50, 0.78] 


Subtotal (95% CI) 


2259 




2292 


9.0% 


0.63 [0.50, 0.78] 


Total events 148 




231 








Heterogeneity: Not applicable 












Test for overall effect: Z = 4.28 (P < 0.0001) 










2.7.6 Risedronate vs Placebo 












Fogelman 2000 8 


177 


17 


180 


2.9% 


0.45 [0.19, 1.08] 


Harris 1999 61 


821 


93 


820 


7.5% 


0.63 [0.45, 0.88] 


Hooper 2005 10 


129 


10 


125 


2.7% 


n Q7 rn oq o aa~\ 


Mortenson 1998 0 


37 


0 


36 




Not estimable 


Reginster2000 53 


407 


89 


407 


7.0% 


n co rA ov a vol 
U.z>6 [U.6/, U./oj 


Subtotal (95% CI) 


1571 




1568 


20.0% 


0.59 [0.47, 0.75] 


Total events 132 




209 








Heterogeneity: Tau 2 = 0.00; Chi 2 = 


1 .86, df = 3 (P 


= 0.60) 


I 2 = 0% 






Test for overall effect: Z = 4.41 (P < 0.0001) 










2.7.7 Strontium vs Placebo 












Meunier 2004 75 


719 


117 


723 


7.8% 


n en rA a a a on 
U.bU [U.44, U.ozj 


Reginster 2008 263 


1725 


417 


1739 




n ct rn aq a cqi 


Subtotal (95% CI) 


2444 




2462 


17.3% 


0.58 [0.50, 0.67] 


Total events 338 




534 








Heterogeneity: Tau 2 = 0.00; Chi 2 = 


0.10, df = 1 (P 


= 0.76) 


I 2 = 0% 






Test for overall effect: Z = 7. 1 7 (P 


< 0.00001) 










2.7.8 Teriparatide vs Placebo 












Neer2001 22 


444 


64 


448 


5.5% 


0.31 [0.19, 0.52] 


Subtotal (95% CI) 


444 




448 


5.5% 


0.31 [0.19,0.52] 


Total events 22 




64 








Heterogeneity: Not applicable 












Test for overall effect: Z = 4.52 (P 


< 0.00001) 










2.7.9 Zolendronate vs Placebo 












Black 2007 92 


2822 


310 


2853 


8.7% 


0.28 [0.22, 0.35] 


Subtotal (95% CI) 


2822 




2853 


8.7% 


0.28 [0.22, 0.35] 


Total events 92 




310 









Heterogeneity: Not applicable 

Test for overall effect: Z = 1 0.55 (P < 0.00001 ) 

Total (95% CI) 18072 18279 100.0% 

Total events 1000 1961 

Heterogeneity: Tau 2 = 0.07; Chi 2 = 57.53, df = 20 (P < 0.0001 ); I 2 = 65% 

Test for overall effect: Z = 8. 1 7 (P < 0.00001 ) 

Test for subgroup differences: Chi 2 = 50.93, df = 8 (P < 0.00001 ), I 2 = 84.3 



0.49(0.41,0.58] 



0.01 0.1 1 10 100 

Favours experimental Favours control 



Figure 3 Forest plot vertebral fractures. Odds ratio of vertebral fractures for drugs versus placebo using Classical meta-analysis approach. 
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Experimental (Hip F) 


Placebo (Hip F) 




Odds Ratio 


Study or Subgroup Events 


Total 


Events 


Total 


Weight 


M-H, Random, 95% CI 


3.7.1 Alendronate vs Placebo 












Ascott Evans 2003 0 


95 


0 


49 




Not estimable 


Black 1996 11 


1022 


22 


1005 


3.7% 


0.49 [0.23, 1.01] 


Cummings 1998 19 


2214 


24 


2218 


5.4% 


0.79 [0.43, 1.45) 


Greenspan 1998 0 


60 


1 


60 


0.2% 


0.33 [0.01 , 8.21] 


Liberman 1995 1 


597 


3 


397 


0.4% 


0.22 [0.02, 2.13] 


Pols 1999 2 


950 


3 


958 


0.6% 


0.67 [0.11, 4.03] 


Subtotal (95% CI) 


4938 




4687 


10.3% 


0.62 [0.40, 0.96] 


Total events 33 




53 








Heterogeneity: Tau 2 = 0.00; Chi 2 = 2.01 , df = 4 (P 


= 0.73); I 2 


= 0% 






Test for overall effect: Z = 2.16 (P = 0.03) 












3.7.2 Denosumab vs Placebo 












Cummings 2009 26 


3902 


43 


3906 


8.3% 


0.60 [0.37, 0.98] 


Subtotal (95% CI) 


3902 




3906 


8.3% 


0.60 [0.37, 0.98] 


Total events 26 




43 








Heterogeneity: Not applicable 












Test for overall effect: Z = 2.03 (P = 0.04) 












3.7.3 Etidronate vs Placebo 












Lyritis 1997 1 


50 


2 


50 


0.3% 


0.49 [0.04, 5.58] 


Storm 1 990 1 


33 


3 


33 


0.4% 


0.31 [0.03, 3.17] 


Watts 1990 1 


105 


0 


104 


0.2% 


3.00 [0.12, 74.49] 


Subtotal (95% CI) 


188 




187 


0.9% 


0.60 [0.14, 2.66] 


Total events 3 




5 








Heterogeneity: Tau 2 = 0.00; Chi 2 = 1 .30, df = 2 (P 


= 0.52); I 2 


= 0% 






Test for overall effect: Z = 0.67 (P = 0.50) 












3.7.4 Ibandronate vs Placebo 












Subtotal (95% CI) 


0 




0 




Not estimable 


Total events 0 




0 








Heterogeneity: Not applicable 












Test for overall effect: Not applicable 












3.7.5 Raloxifene vs Placebo 












Ettinger 1 999 40 


5129 


18 


2576 


6.3% 


1.12 [0.64, 1.95] 


Subtotal (95% CI) 


5129 




2576 


6.3% 


1 .12 [U.D4, 1 .95] 


Total events 40 




18 








Heterogeneity: Not applicable 












Test for overall effect: Z = 0.39 (P = 0.70) 












3.7.6 Risedronate vs Placebo 












Harris 1999 12 


821 


15 


820 


3.4% 


0.80 [0.37, 1.71] 


McClung 2001 137 


6197 


95 


3134 


28.1% 


0.72 [0.55, 0.94] 


Mortenson 1998 0 


37 


0 


36 




Not estimable 


Reginster 2000 9 


407 


11 


407 


2.5% 


0.81 [0.33, 1.99] 


Subtotal (95% CI) 


7462 




4397 


34.0% 


0.74 [0.58, 0.94] 


Total events 158 




121 








Heterogeneity: Tau 2 = 0.00; Chi 2 = 0.1 1 , df = 2 (P 


= 0.95); I 2 


= 0% 






Test for overall effect: Z = 2.48 (P = 0.01 ) 












3.7.7 Strontium vs Placebo 












Reginster 2008 88 


2479 


98 


2456 


23.0% 


0.89 [0.66, 1.19] 


Subtotal (95% CI) 


2479 




2456 


23.0% 


0.89 [0.66, 1.19] 


Total events 88 




98 








Heterogeneity: Not applicable 












Test for overall effect: Z = 0.81 (P = 0.42) 












3.7.8 Teriparatide vs Placebo 












Neer 2001 2 


541 


4 


544 


0.7% 


0.50 [0.09, 2.75] 


Subtotal (95% CI) 


541 




544 


0.7% 


0.50 [0.09, 2.75] 


Total events 2 




4 








Heterogeneity: Not applicable 












Test for overall effect: Z = 0.80 (P = 0.43) 












3.7.9 Zolendronate vs Placebo 












Black 2007 52 


3861 


88 


3875 


16.5% 


0.59 [0.42, 0.83] 


Subtotal (95% CI) 


3861 




3875 


16.5% 


0.59 [0.42, 0.83] 



Odds Ratio 
M-H, Random, 95% CI 



Total events 52 88 

Heterogeneity: Not applicable 

Test for overall effect: Z = 3.02 (P = 0.003) 

Total (95% CI) 28500 22628 100.0% 

Total events 402 430 

Heterogeneity: Tau 2 = 0.00; Chi 2 = 10.25, df = 15 (P = 0.80); I 2 = 0% 
Test for overall effect: Z = 4.37 (P < 0.0001 ) 

Test for subqroup differences: Chi 2 = 6.83, df - 7 (P - 0.45), I 2 = 0% 



0.73 [0.63, 0.84] 



0.01 0.1 1 10 100 

Favours experimental Favours control 



Figure 4 Forest plot hip fractures. Odds ratio of hip fractures for drugs versus placebo using Classical meta-analysis approach. 
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Experimental (Wrist F) Placebo (Wrist F) 



Study or Subqroup Events 


Total 


Events 


Total 


Weiqht 


M-H, Fixed, 95% CI 


4.7.1 Alendronate vs Placebo 














Ascott Evans 2003 


0 


95 


0 


49 




Not estimable 


Black 1996 


22 


1022 


41 


1005 


9.9% 


0.52 [0.31, 0.87] 


Cummings 1998 


83 


2214 


70 


2218 


0.0% 


1.20 [0.86, 1.65] 


Greenspan 1998 


3 


60 


0 


164 


0.0% 


20.03 [1.02, 393.62] 


Liberman 1995 


8 


597 


16 


397 


4.6% 


0.32 [0.14, 0.76] 


Pols 1999 


6 


950 


15 


958 


3.6% 


0.40 [0.15, 1.03] 


Subtotal (95% CI) 




2664 




2409 


18.1% 


0.44 [0.30, 0.67] 


Total events 


36 




72 









Odds Ratio 
M-H, Fixed, 95% CI 



Heterogeneity: Chi 2 = 0.90, df = 2 (P = 0.64); I 2 = 0% 
Test for overall effect: Z = 3.93 (P < 0.0001 } 

4.7.2 Denosumab vs Placebo 

Subtotal (95% CI) 0 

Total events 0 

Heterogeneity: Not applicable 

Test for overall effect: Not applicable 

4.7.3 Etidronate vs Placebo 



Not estimable 



Lyritis 1997 


2 


50 


2 


50 


0.5% 


1.00 [0.14, 7.39] 


Storm 1 990 


2 


33 


3 


33 


0.7% 


0.65 [0.10, 4.14] 


Watts 1990 


2 


105 


0 


104 


0.1% 


5.05 [0.24, 106.44] 


Subtotal (95% CI) 




188 




187 


1.3% 


1.19 [0.37, 3.80] 



Total events 6 
Heterogeneity: Chi 2 = 1.31, df = 2 (P = 0.52); I 2 
Test for overall effect: Z = 0.29 (P = 0.77) 

4.7.4 Ibandronate vs Placebo 
Subtotal (95% CI) 

Total events 0 

Heterogeneity: Not applicable 

Test for overall effect: Not applicable 



4.7.5 Raloxifene vs Placebo 

Ettinger1999 151 
Subtotal (95% CI) 

Total events 1 51 

Heterogeneity: Not applicable 

Test for overall effect: Z = 0.95 (P = 0.34) 

4.7.6 Risedronate vs Placebo 



5129 
5129 



2576 
2576 



Harris 1 999 


14 


821 


22 


820 


McClung 2001 


137 


6197 


95 


3134 


Mortenson 1998 


0 


37 


0 


36 


Reginster 2000 


15 


407 


21 


407 


Subtotal (95% CI) 




7462 




4397 


Total events 


166 




138 




Heterogeneity: Chi 2 = 0 14, df = 


2 (P = 0.93); I 2 = 0% 






Test for overall effect: Z = 2.91 


(P = 0.004) 








4.7.7 Strontium vs Placebo 










Reginster 2008 


84 


1687 


52 


1633 


Subtotal (95% CI) 




1687 




1633 


Total events 


84 




52 




Heterogeneity: Not applicable 










Test for overall effect: Z = 2.59 


(P = 0.010) 








4.7.8 Teriparatide vs Placebo 










Neer2001 


2 


541 


4 


544 


Subtotal (95% CI) 




541 




544 


Total events 


2 




4 




Heterogeneity: Not applicable 










Test for overall effect: Z = 0.80 


(P = 0.43) 








4.7.9 Zolendronate vs Placebo 








Subtotal (95% CI) 




0 




0 


Total events 


0 




0 




Heterogeneity: Not applicable 










Test for overall effect: Not appl 


cable 








Total (95% CI) 




17671 




11746 


Total events 


445 




357 




Heterogeneity: Chi 2 = 26.96, df 


= 11 (P = 0 


005); I 2 = 


59% 




Test for overall effect: Z = 2.74 


(P = 0.006) 








Test for subqroup differences: 


3hi 2 = 24.91 


df = 5(P 


= 0.0001), I 


! = 79.9 



27.1% 
27.1% 



5.3% 
30.1% 



4.9% 
40.3% 



12.2% 
12.2% 



1 .0% 
1.0% 



Not estimable 



0.88 [0.67, 1.15] 
0.88 [0.67, 1.15] 



0.63 [0.32, 1.24] 
0.72 [0.55, 0.94] 
Not estimable 
0.70 [0.36, 1.38] 
0.71 [0.56, 0.89] 



1.59 [1.12, 2.27] 
1.59 [1.12, 2.27] 



0.50 [0.09, 2.75] 
0.50 [0.09, 2.75] 



Not estimable 



0.82 [0.71, 0.94] 



0.01 0.1 1 10 100 

Favours experimental Favours control 



Figure 5 Forest plot wrist fractures. Odds ratio of wrist fractures for drugs versus placebo using Classical meta-analysis approach. 
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fracture, but was ranked highest for being efficacious. 
The higher ranking may be due to a wide confidence 
interval that covers a lower region of odds ratio creating 
a favourable relative result over that region of low odds 
ratio. This suggests a limitation with this analysis where 
a requirement may be that the odds ratio for different 
drugs should have similar widths. A second caution with 
the results for etidronate is that the trials were small 
resulting in small effect sizes and the trials were con- 
ducted prior to the year 2000. This suggests that there 
is a lack of current strong evidence for the efficacy of 
etidronate versus placebo. As a result of these two lim- 
itations, this analysis suggests that etidronate should not 
be considered among the most efficacious drugs based 
on current evidence. 

In addition, the number needed to treat analysis that 
treating as few as 10 patients with teriparatide, zoledronic 
acid or denosumab will produce 1 less fracture than if the 
patients were on other drugs. 

This work updates the most recent study for ITC ana- 
lysis in osteoporosis medications which looked at ver- 
tebral, hip and nonvertebral nonhip fractures [13] for 
five drugs, zoledronic acid, alendronate, ibandronate, 
risedronate and etidronate. Based on that analysis zole- 
dronic acid had a 0.79 probability of being the most effi- 
cacious for vertebral fractures. In our analysis, 
teriparatide (0.40) and etidronate (0.40) had the highest 
probability of being the most efficacious. In our analysis, 
we included more studies for etidronate, alendronate, 
and risedronate in addition to adding denosumab, ralox- 
ifene, strontium and teriparatide. Similarly, the earlier 
work reported that zoledronic acid had the highest 
probability of preventing hip fractures, while our analy- 
sis indicates the most efficacious drugs are teriparatide 
(0.44), and that zoledronic acid (0.11), etidronate (0.19), 
denosumab (0.12) and alendronate (0.10) could be the 
most efficacious treatment. One key difference between 
inclusions of different studies was that we analyzed 
wrist fractures specifically while the earlier work 
reported on nonvertebral nonhip fractures [13]. We 
report that risedronate does have a high probability of 
being most efficacious similar to earlier work but we 
estimated that teriparatide has the highest probability of 
preventing wrist fractures (0.44). 

The other objective of this analysis was to compare 
the results across two statistical methods. The first 
method was based on Bayesian ITC analysis in Win- 
BUGS, and the second method was the results from 
classical Bucher analysis with ITC specific software. The 
estimates differed only by the second decimal place 
when the results were statically significant. However, 
there are key differences in the interpretation of the 
results. Based on the classical analysis we generated con- 
fidence intervals around the odds ratio and provided a 



test of association. In the Bayesian analysis, we gener- 
ated a posterior distribution of the credible intervals for 
the true values of the odds ratio. In this analysis these 
values are similar, indicating that the priors used in the 
analysis were uninformative. 

The analysis is limited in that the results are based on 
ITC comparisons. However, a recent review of the 
results of DTC and ITC analysis, described that out of 
44 meta-analysis that were available with studies for 
meta-analysis by ITC and studies for meta-analysis by 
DTC, the DTC was similar in all but 3 cases to the ITC 
estimates for the same drugs and outcomes [9]. Of the 3 
cases where the results were statistically different, 2 
cases had the relative clinical benefit in the same direc- 
tion while the third had differences in dosage regime in 
the studies. This result was also reported by Bucher in 
1997 [10] where the ITC results were similar in direc- 
tion as the DTC estimates. In addition, Bucher and 
Song both reported that the magnitude of the ITC 
results was larger between comparators than DTC com- 
parisons, and the level of significance between compara- 
tors was less in ITC than DTC. In our ITC analysis, 
non-significant differences were estimated between 
drugs but the true effect between drugs may be even 
smaller. 

The other assessment of strength of evidence in the 
indirect comparisons beyond looking at different classi- 
cal versus Bayesian analysis was to look at heterogeneity 
within drugs and across drugs. The heterogeneity 
between comparators and heterogeneity within one 
comparator was small, with the exception of alendronate 
for wrist fractures. This heterogeneity was explained by 
two studies [28,29] for wrist fractures. These studies did 
not contribute to heterogeneity in the meta-analysis of 
vertebral fractures and non-vertebral fractures. However, 
these two studies included the one study [28] that was 
the longest study with duration of 4 years with a low 
risk patients and the largest study for alendronate, while 
the other study [29] was small single centre study with 
duration of 4 years with low risk patients and the largest 
study. 

The interpretation of the heterogeneity, although not a 
major feature in this analysis, is an important factor for 
ITC analysis. Increased heterogeneity can be caused by 
differences in inclusion criteria or study design such as 
length of follow-up. These are also important factors for 
consideration for analysis of DTC studies [20]. Three 
studies assessed the effect of patient characteristics to 
explain the level of heterogeneity in ITC analysis. In 2 
studies [56,57] no baseline variables were significant 
while in the other study [58] the year of the study and 
baseline risk affected heterogeneity. Both of these factors 
may have also affected heterogeneity if the studies were 
randomized with an active comparator. In our analysis, 
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we may not have enough power to detect the impact of 
baseline characteristics because of a low number of stu- 
dies for each drug [22]. In addition, because of the high 
heterogeneity in the estimates of odds ratios for wrist 
fractures, the evidence for wrist fractures should be con- 
sidered weak. 

ITC is becoming a useful tool in the absence of DTC 
comparisons and increasing transparency of ITC analysis 
builds confidence for the evidence. In a review of 88 
ITC analyses, many of the studies could have increased 
the believability of their results [9] but the missed ele- 
ments would also concern DTC analysis. These include 
incomplete searches or not assessing heterogeneity 
within a comparator. In 40/88 analysis there was no spe- 
cific searches for active comparison studies to allow the 
comparison to the ITC evidence. For osteoporosis, this 
search was conducted and we found no published meta- 
analysis of DTC evidence. In the future stronger evi- 
dence may come from head-to-head studies but this is 
unlikely, because based on this analysis differences 
between comparators are not significant and studies 
would require very large sample sizes. Alternatively, the 
treatment analysis could come for pooling patient level 
data to compare the effects directly but this is unlikely 
due to propriety, and this analysis would diminish the 
benefits of randomization. 

Conclusion 

In light of the lack of DTC evidence, the ITC analysis of 
RPCTs may be the strongest evidence that will be avail- 
able that answers the important clinical question of 
determining the most efficacious treatment for prevent- 
ing fractures. In this analysis, teriparatide, zoledronic 
acid and denosumab have the highest probabilities of 
being most efficacious for non-vertebral and vertebral 
fractures, and having the greatest effect sizes. The esti- 
mates from indirect comparisons were robust to differ- 
ences in methodology. 

Additional material 



Additional file 1: Literature Search Strategy. Strategy to find indirect 
treatment comparison controlled-trials for osteoporosis medications in 
Medline. 

Additional file 2: WinBUGS ITC code for vertebral fractures 

WinBUGS software code and data to conduct ITC analysis for vertebral 
fractures. 



Acknowledgements 

This work was completed as a chapter in Robert Hopkins' PhD dissertation 
No funding was obtained. 

Author details 

'Department of Clinical Epidemiology and Biostatistics, Faculty of Health 
Science, McMaster University, Hamilton, Ontario, Canada. 2 Programs for 



Assessment of Technology in Health, St Joseph's Healthcare-Hamilton, 
Hamilton, Ontario, Canada. 3 Centre for Evaluation of Medicines, Hamilton, 
Ontario, Canada. 4 Biostatistics Unit, St Joseph's Healthcare-Hamilton, 
Hamilton, Ontario, Canada, department of Medicine, McMaster University, 
Hamilton, Ontario, Canada. 

Authors' contributions 

RH carried out the literature review, data abstraction, statistical analysis and 
drafting of the manuscript. FX, EP, and LT provided guidance on the 
statistical analysis methodology. JD and AP provided guidance for the 
clinical interpretation of manuscript. All authors read, provided comments 
and approved the final manuscript. 

Competing interests 

Alexandra Papaioannou is or has been a consultant or on a speaker's bureau 
for Amgen, Aventis Pharma, Eli Lilly, Merck Frosst Canada, Novartis, Procter & 
Gamble Pharmaceuticals, Servier and Wyeth-Ayerst; she has conducted 
clinical trials for Eli Lilly, Merck Frosst Canada, Novartis, Procter & Gamble 
Pharmaceuticals and Sanofi-Aventis; and she has received unrestricted grants 
from Amgen, Eli Lilly, Merck Frosst Canada, Procter & Gamble 
Pharmaceuticals and Sanofi-Aventis. Jonathan Adachi has been a consultant 
or on a speaker's bureau for Amgen, Astra Zeneca, Eli Lilly, GlaxoSmithKline, 
Merck Frosst Canada, Novartis, Nycomed, Pfizer, Procter & Gamble 
Pharmaceuticals, Roche, Sanofi-Aventis, Servier, Wyeth-Ayerst and Bristol- 
Myers Squibb; he has conducted clinical trials for Amgen, Eli Lilly, 
GlaxoSmithKline, Merck Frosst Canada, Novartis, Pfizer, Procter & Gamble 
Pharmaceuticals, Sanofi-Aventis, Roche, Wyeth and Bristol-Myers Squibb. 
Lehana Thabane provides biostatistics consultation to GlaxoSmithKline for 
design and methodological issues. Eleanor Pullenayegum, Ron Goeree, Feng 
Xie and Robert Hopkins have no competing interests. 

Received: 10 May 201 1 Accepted: 26 September 201 1 
Published: 26 September 201 1 

References 

1. Osteoporosis Facts and Statistics, [http://www.osteoporosis.ca/index.php/ 
ciJd/8867/lajd/1.htm]. 

2. Wiktorowicz ME, Goeree R, Papaioannou A, Adachi JD, Papadimitropoulos E: 
Economic implications of hip fracture: health service use, institutional 
care and cost in Canada. Osteoporos Int 2001, 12:271-278. 

3. Cauley JA, Hochberg MC, Lui LY, Palermo L, Ensrud KE, Hillier TA, Nevitt MC, 
Cummings SR: Long-term risk of incident vertebral fractures. JAMA 2007, 
298:2761-2767. 

4. Bilezikian JP: Efficacy of Bisphosphonates in Reducing Fracture Risk in 
Postmenopausal Osteoporosis. American Journal of Medicine 122(2 SUPPL)() 
(pp SI4-S2I), 2009 Date of Publication: 2009 2009, S14-S21. 

5. Boers M: EMEA guidelines for trials in osteoporosis: design implications. 
Neth J Med 2002, 60:310-314. 

6. Stein CM, Ray WA: The ethics of placebo in studies with fracture end 
points in osteoporosis. N Engl J Med 2010, 363:1367-1370. 

7. Rosen CJ, Khosla S: Placebo-controlled trials in osteoporosis-proceeding 
with caution. N Engl J Med 2010, 363:1365-1367. 

8. Canadian Institutes of Health Research, Natural Sciences and Engineering 
Research Council, Social Sciences and Humanities Research Council of Canada: 
Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans 201 0. 

9. Song F, Altman DG, Glenny AM, Deeks JJ: Validity of indirect comparison 
for estimating efficacy of competing interventions: empirical evidence 
from published meta-analyses. BMJ 2003, 326:472. 

10. Bucher HC, Guyatt GH, Griffith LE, Walter SD: The results of direct and 
indirect treatment comparisons in meta-analysis of randomized 
controlled trials. J Clin Epidemiol 1997, 50:683-691. 

11. Eddy DM, Hasselblad V, Shachter R: A Bayesian method for synthesizing 
evidence. The Confidence Profile Method. Int J Technol Assess Health Care 
1990, 6:31-55. 

12. Jansen JP, Bergman GJ, Huels J, Olson M: Prevention of vertebral fractures 
in osteoporosis: mixed treatment comparison of bisphosphonate 
therapies. Curr Med Res Opin 2009, 25:1861-1868. 

13. Jansen JP, Bergman GJ, Huels J, Olson M: The efficacy of bisphosphonates 
in the prevention of vertebral, hip, and nonvertebral-nonhip fractures in 
osteoporosis: a network meta-analysis. Semin Arthritis Rheum 2011, 
40:275-284. 



Hopkins et al. BMC Musculoskeletal Disorders 201 1, 12:209 
http://www.biomedcentral.eom/1 471-2474/1 2/209 



Page 15 of 16 



14. Reference Manager, Version 1 1 for Windows. Thomson ResearchSoft. 

Carlsbad, CA, USA Carlsbad, CA, USA, Thomson ResearchSoft; 2009. 

15. The Bayesian inference Using Gibbs Sampling(BUGS) Project: WinBUGS. 
[http//www.mrc-bsu.cam.ac.uk/bugs/winbugs/contents.shtml]. 

16. Sung L, Hayden J, Greenberg ML, Koren G, Feldman BM, Tomlinson GA: 
Seven items were identified for inclusion when reporting a Bayesian 
analysis of a clinical study. J Clin Epidemiol 2005, 58:261-268. 

17. Caldwell DM, Ades AE, Higgins JP: Simultaneous comparison of multiple 
treatments: combining direct and indirect evidence. BMJ 2005, 
331:897-900. 

18. Edwards SJ, Clarke MJ, Wordsworth S, Borrill J: Indirect comparisons of 
treatments based on systematic reviews of randomised controlled trials. 

IntJClin Pract 2009, 63:841-854. 

19. Glenny AM, Altman DG, Song F, Sakarovitch C, Deeks 11, D'Amico R, 
Bradburn M, Eastwood AJ: Indirect comparisons of competing 
interventions. Health Technol Assess 2005, 9:1 -iv. 

20. Lu G, Ades AE: Combination of direct and indirect evidence in mixed 
treatment comparisons. Stat Med 2004, 23:3105-3124. 

21. Review Manager (RevMan) [Computer program] Version 5.0. 
Copenhagen, The Nordic Cochrane Centre, The Cochrane Collaboration: 
2008. 

22. Higgins JP, Green S, editors: Cochrane Handbook for Systematic Reviews of 
Interventions Version 5.0.2 The Cochrane Collaboration; 2009. 

23. Wells G, Sultan S, Chen L, Khan M, Coyle D, Wells GA, Sultan SA, Chen L, 
Khan M, Coyle D: Indirect treatment comparison [computer program]. 
Version 1.0. Ottawa, Canadian Agency for Drugs and Technologies in 
Health; 2009. 

24. The Canadian Agency for Drugs and Technologies in Health (CADTH). 

[http://www.cadth.ca/index.php/en/home]. 

25. Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern 
Med 2009, 151:264-9, W64. 

26. Ascott-Evans BH, Guanabens N, Kivinen S, Stuckey BG, Magaril CH, 
Vandormael K, Stych B, Melton ME: Alendronate prevents loss of bone 
density associated with discontinuation of hormone replacement 
therapy: a randomized controlled trial. Arch Intern Med 2003, 163:789-794. 

27. Black DM, Cummings SR, Karpf DB, Cauley JA, Thompson DE, Nevitt MC, 
Bauer DC, Genant HK, Haskell WL, Marcus R, et al: Randomised trial of 
effect of alendronate on risk of fracture in women with existing 
vertebral fractures. Fracture Intervention Trial Research Group. Lancet 
1996, 348:1535-1541. 

28. Cummings SR, Black DM, Thompson DE, Applegate WB, Barrett-Connor E, 
Musliner TA, Palermo L, Prineas R, Rubin SM, Scott JC, et al: Effect of 
alendronate on risk of fracture in women with low bone density but 
without vertebral fractures: results from the Fracture Intervention Trial. 
JAMA 1998, 280:2077-2082. 

29. Greenspan SL, Parker RA, Ferguson L, Rosen HN, Maitland-Ramsey L, 
Karpf DB: Early changes in biochemical markers of bone turnover 
predict the long-term response to alendronate therapy in 
representative elderly women: a randomized clinical trial. J Bone Miner 
Res 1998, 13:1431-1438. 

30. Liberman UA, Weiss SR, Broil J, Minne HW, Quan H, Bell NH, Rodriguez- 
Portales J, Downs RW, Dequeker J, Favus M: Effect of oral alendronate on 
bone mineral density and the incidence of fractures in postmenopausal 
osteoporosis. The Alendronate Phase III Osteoporosis Treatment Study 
Group. N Engl J Med 1995, 333:1437-1443. 

31. Pols HA, Felsenberg D, Hanley DA, Stepan J, Munoz-Torres M, Wilkin TJ, 
Qin-sheng G, Galich AM, Vandormael K, Yates AJ, et al: Multinational, 
placebo-controlled, randomized trial of the effects of alendronate on 
bone density and fracture risk in postmenopausal women with low 
bone mass: results of the FOSIT study. Fosamax International Trial Study 
Group. Osteoporos Int 1999, 9:461-468. 

32. Cummings SR, San MJ, McClung MR, Siris ES, Eastell R, Reid IR, Delmas P, 
Zoog HB, Austin M, Wang A, et al: Denosumab for prevention of fractures 
in postmenopausal women with osteoporosis. N Engl J Med 2009, 
361:756-765. 

33. Lyritis GP, Tsakalakos N, Paspati I, Skarantavos G, Galanos A, Androulakis C: 
The effect of a modified etidronate cyclical regimen on postmenopausal 
osteoporosis: a four-year study. Clin Rheumatol 1997, 16:354-360. 

34. Meunier PJ, Confavreux E, Tupinon I, Hardouin C, Delmas PD, Balena R: 
Prevention of early postmenopausal bone loss with cyclical etidronate 



therapy (a double-blind, placebo-controlled study and 1-year follow-up). 

J Clin Endocrinol Metab 1997, 82:2784-2791. 

35. Montessori ML, Scheele WH, Netelenbos JC, Kerkhoff JF, Bakker K: The use 
of etidronate and calcium versus calcium alone in the treatment of 
postmenopausal osteopenia: results of three years of treatment. 
Osteoporos Int 1997, 7:52-58. 

36. Pacifici R, McMurtry C, Vered I, Rupich R, Avioli LV: Coherence therapy 
does not prevent axial bone loss in osteoporotic women: a preliminary 
comparative study. J Clin Endocrinol Metab 1988, 66:747-753. 

37. Pouilles JM, Tremollieres F, Roux C, Sebert JL, Alexandre C, Goldberg D, 
Treves R, Khalifa P, Duntze P, Horlait S, et al: Effects of cyclical etidronate 
therapy on bone loss in early postmenopausal women who are not 
undergoing hormonal replacement therapy. Osteoporos Int 1997, 
7:213-218. 

38. Storm T, Thamsborg G, Steiniche T, Genant HK, Sorensen OH: Effect of 
intermittent cyclical etidronate therapy on bone mass and fracture rate 
in women with postmenopausal osteoporosis. N Engl J Med 1990, 
322:1265-1271. 

39. Watts NB, Harris ST, Genant HK, Wasnich RD, Miller PD, Jackson RD, 
Licata AA, Ross P, Woodson GC, Yanover MJ, et al: Intermittent cyclical 
etidronate treatment of postmenopausal osteoporosis. N Engl J Med 
1990, 323:73-79. 

40. Wimalawansa SJ: A four-year randomized controlled trial of hormone 
replacement and bisphosphonate, alone or in combination, in women 
with postmenopausal osteoporosis. Am J Med 1998, 104:219-226. 

41. Adami S, Felsenberg D, Christiansen C, Robinson J, Lorenc RS, Mahoney P, 
Coutant K, Schimmer RC, Delmas PD: Efficacy and safety of ibandronate 
given by intravenous injection once every 3 months. Bone 2004, 
34:881-889. 

42. Chesnut CH III, Skag A, Christiansen C, Recker R, Stakkestad JA, Hoiseth A, 
Felsenberg D, Huss H, Gilbride J, Schimmer RC, ef al: Effects of oral 
ibandronate administered daily or intermittently on fracture risk in 
postmenopausal osteoporosis. J Bone Miner Res 2004, 19:1241-1249. 

43. Ravn P, Neugebauer G, Christiansen C: Association between 
pharmacokinetics of oral ibandronate and clinical response in bone 
mass and bone turnover in women with postmenopausal osteoporosis. 
Bone 2002, 30:320-324. 

44. Recker R, Stakkestad JA, Chesnut CH, Christiansen C, Skag A, Hoiseth A, 
Ettinger M, Mahoney P, Schimmer RC, Delmas PD: Insufficiently dosed 
intravenous ibandronate injections are associated with suboptimal 
antifracture efficacy in postmenopausal osteoporosis. Bone 2004, 
34:890-899. 

45. Ettinger B, Black DM, Mitlak BH, Knickerbocker RK, Nickelsen T, Genant HK, 
Christiansen C, Delmas PD, Zanchetta JR, Stakkestad J, et al: Reduction of 
vertebral fracture risk in postmenopausal women with osteoporosis 
treated with raloxifene: results from a 3-year randomized clinical trial. 
Multiple Outcomes of Raloxifene Evaluation (MORE) Investigators. JAMA 
1999, 282:637-645. 

46. Fogelman I, Ribot C, Smith R, Ethgen D, Sod E, Reginster JY: Risedronate 
reverses bone loss in postmenopausal women with low bone mass: 
results from a multinational, double-blind, placebo-controlled trial. BMD- 
MN Study Group. J Clin Endocrinol Metab 2000, 85:1895-1900. 

47. Harris ST, Watts NB, Genant HK, McKeever CD, Hangartner T, Keller M, 
Chesnut CH, Brown J, Eriksen EF, Hoseyni MS, et al: Effects of risedronate 
treatment on vertebral and nonvertebral fractures in women with 
postmenopausal osteoporosis: a randomized controlled trial. Vertebral 
Efficacy With Risedronate Therapy (VERT) Study Group. JAMA 1999, 
282:1344-1352. 

48. Hooper MJ, Ebeling PR, Roberts AP, Graham JJ, Nicholson GC, D'Emden M, 
Ernst TF, Wenderoth D: Risedronate prevents bone loss in early 
postmenopausal women: a prospective randomized, placebo-controlled 
trial. Climacteric 2005, 8:251-262. 

49. McClung MR, Geusens P, Miller PD, Zippel H, Bensen WG, Roux C, Adami S, 
Fogelman I, Diamond T, Eastell R, et al: Effect of risedronate on the risk of 
hip fracture in elderly women. Hip Intervention Program Study Group. N 
Engl J Med 2001, 344:333-340. 

50. Mortensen L, Charles P, Bekker PJ, Digennaro J, Johnston CC Jr: Risedronate 
increases bone mass in an early postmenopausal population: two years 
of treatment plus one year of follow-up. J Clin Endocrinol Metab 1998, 
83:396-402. 



Hopkins ef al. BMC Musculoskeletal Disorders 201 1, 12:209 
http://www.biomedcentral.eom/1 471-2474/1 2/209 



Page 16 of 16 



51. Reginster J, Minne HW, Sorensen OH, Hooper M, Roux C, Brandi ML, 
Lund B, Ethgen D, Pack S, Roumagnac I, ef al: Randomized trial of the 
effects of risedronate on vertebral fractures in women with established 
postmenopausal osteoporosis. Vertebral Efficacy with Risedronate 
Therapy (VERT) Study Group. Osteoporos Int 2000, 11:83-91. 

52. Meunier PJ, Roux C, Seeman E, Ortolani S, Badurski JE, Spector TD, 
Cannata J, Balogh A, Lemmel EM, Pors-Nielsen S, ef al: The effects of 
strontium ranelate on the risk of vertebral fracture in women with 
postmenopausal osteoporosis. N Engl J Med 2004, 350:459-468. 

53. Reginster JY, Felsenberg D, Boonen S, ez-Perez A, Rizzoli R, Brandi ML, 
Spector TD, Brixen K, Goemaere S, Cormier C, ef al: Effects of long-term 
strontium ranelate treatment on the risk of nonvertebral and vertebral 
fractures in postmenopausal osteoporosis: Results of a five-year, 
randomized, placebo-controlled trial. Arthritis Rheum 2008, 58:1687-1695. 

54. Neer RM, Arnaud CD, Zanchetta JR, Prince R, Gaich GA, Reginster JY, 
Hodsman AB, Eriksen EF, Ish-Shalom S, Genant HK, ef al: Effect of 
parathyroid hormone (1-34) on fractures and bone mineral density in 
postmenopausal women with osteoporosis. N Engl J Med 2001, 
344:1434-1441. 

55. Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley JA, Cosman F, 
Lakatos P, Leung PC, Man Z, ef al: Once-yearly zoledronic acid for 
treatment of postmenopausal osteoporosis. N Engl J Med 2007, 
356:1809-1822. 

56. Boonen S, Lips P, Bouillon R, Bischoff-Ferrari HA, Vanderschueren D, 
Haentjens P: Need for additional calcium to reduce the risk of hip 
fracture with vitamin d supplementation: evidence from a comparative 
metaanalysis of randomized controlled trials. J Clin Endocrinol Metab 
2007, 92:1415-1423. 

57. Nixon R, Bansback N, Brennan A: The efficacy of inhibiting tumour 
necrosis factor alpha and interleukin 1 in patients with rheumatoid 
arthritis: a meta-analysis and adjusted indirect comparisons. 
Rheumatology (Oxford) 2007, 46:1 140-1 147. 

58. Salanti G, Marinho V, Higgins JP: A case study of multiple-treatments 
meta-analysis demonstrates that covariates should be considered. J Clin 
Epidemiol 2009, 62:857-864. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2474/l 2/209/prepub 



doi:1 0.1 1 86/1 471-2474-1 2-209 

Cite this article as: Hopkins ef al: The relative efficacy of nine 
osteoporosis medications for reducing the rate of fractures in post- 
menopausal women. BMC Musculoskeletal Disorders 2011 12:209. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at S~\ RioM _j r P ntral 

www.biomedcentral.com/submit \ J Blomea 



